Efficiency and risk-taking in pre-crisis investment banks
Introduction
In the 'Great Moderation' era, the investment banking industry in all advanced economies benefited from the processes of liberalisation, internationalisation and consolidation activities. An increasing number of financial institutions have been involved in cross-border activities and in providing banking services globally. Investment banks' main business is to intermediate between issuers and investors through the functions of M&A advisory services and underwriting of securities issues. They also provide trading and investing in securities and asset management.
Yet, investment banks' core function lays in the 'origination' of large and complex financial instruments that expose them to market risks and imply that their business relies predominantly on the short-term. The recent financial turmoil affected a relatively large number of investment banks. Under pressure for profits, these latter have contributed to the emergence of an unprecedented system of compensations, a highly leveraged industry and a pervasive risk culture. Post-crisis, surviving banks will have to comply with new constraints thus the evaluation of their operating efficiency will likely gain a new impetus, particularly on the cost side. In this context, the description of modern investment banks' production process should reflect the changes in their business focus.
As well, it should account for risk and other environmental and regulatory factors.
The need for a correct evaluation of investment banks' efficiency can be explained by various reasons. First, investment banks typically have a large number of stakeholders since they engage in public and private market transactions for corporations, governments and investors. An inaccurate assessment of their operating efficiency could bias their performance analysis and, consequently, cover up their financial difficulties thus resulting in negative externalities for all investment banks' stakeholders (including governments, stake-issuers and, ultimately, investors). Second, the investment banking sector is probably one of the most globalised industries: investment banks from various countries compete with each other to acquire customers in all countries. As such, the assessment of investment banks' efficiency cannot accurately be made focussing on national banking market; rather it should take a worldwide perspective. Moreover, investment banking is a complex business mostly based on risk-taking and risk-transferring services. Therefore, a correct assessment and recognition of these risks play a key role in the investment banking efficiency estimation. Finally, investment banking is a revenue-motivated business. Managing the cost base has always been dominated by human capital, and influenced by investments in IT, global infrastructure and product platforms. However, this raises also the issue of the relationship between cost and revenues, which means that banks can match their cost base to the revenue generating potential over time.
The most valuable of investment banks' tangible assets is staff, so that the largest expenses regard the workforce compensation and benefits. 2 The contribution of this paper to the existing literature is manifold. This study is one of the few focussing on the investment banking industry, which is surprisingly inadequately explored (e.g. Berger and Humphrey 1997 , Berger 2007 and Hughes and Mester, 2008 do not cite any study on investment banks). Moreover, we assess both cost and profit efficiency of the investment banking industries operating in the G7 countries (Canada, France, Germany, Italy, Japan, UK and US) and Switzerland. Our goal is to carry out a suitable comparison of banking efficiency across countries by using a global best-practice econometric frontier whereby the banks in each country can be compared against the same standard. From a methodological point of view we employ Coelli et al. (1999) 's approach to adjust the estimated cost and profit efficiency scores for environmental influences. Specifically, we introduce a large set of environmental variables to account for potential differences arising from certain country-specific risk exposure on the one hand and from the environmental and regulatory conditions on the other. We choose to consider both cost and profit efficiency because investment banking is traditionally a revenue-motivated business and competitive pressure (e.g. due to deregulation and globalisation) put further pressure for the efficiency enhancement.
Our evidence suggests that failing to account for environmental factors can considerably bias the efficiency scores for investment banks. Specifically, our analysis indicates that profit efficiency estimates are consistently underestimated in the 'base model'. We find that investment banks with higher liquidity risk are penalised in the case of cost efficiency but have an advantage in generating profits and higher capital levels appear to increase the cost efficiency and reduce the profit efficiency. Interestingly, while our evidence suggests that size matters for both cost and profit efficiency, we find that this does not imply that more concentrated markets are more efficient. Finally, among the most significant results on the macro-factors, our findings imply that the general economic development of a country and the banks' level of openness contribute to reducing inefficiencies.
The next section reviews the bank efficiency literature with a particular focus on investment banks and on studies accounting for environmental variables in the efficiency measurement. Section 3 explains methodology and data.
The empirical results are discussed in Section 4 and Section 5 concludes.
Literature Review
The efficiency studies applied to the banking sector focus predominantly on commercial banking (see e.g. the extensive reviews by Berger and Humphrey, 1997; Goddard et al. 2001; Berger, 2007; and Hughes and Mester, 2008) . Only a handful of studies (Allen and Rai 1996, Vander Vennet 2002) analyse universal banking (which includes investment banking in their business) and compare it with traditional banking. Namely, Allen and Rai (1996) use the distribution-free approach (DFA) and stochastic frontier approach (SFA) for a systematic comparison of X-inefficiency measures across 15 developed countries under different regulatory environments. Inputs selected to describe the production process of banks are the price of labour, the price of fixed capital and the price of borrowed funds, while outputs are defined as loans and investment assets. The authors estimate a global cost function for international banks to test for both input and output inefficiencies.
More recently , Vander Vennet (2002) uses the SFA in order to measure cost and profit efficiency of European financial conglomerates and universal banks over 1995-1996. The author employs an input specification similar to Allen and Rai's, whereas outputs are defined using two different approaches: one focussing on output volumes (i.e. total loans and total securities) and the other on output revenues (i.e. total interest income and total non-interest revenues). Results show that financial conglomerates are more revenue efficient than specialized banks and that universal banks are more efficient both on the cost and revenue side. The author suggests: 'Further research should examine the sources of the efficiency differences between various typs of banks' (Vander Vennet 2002, p. 280 ).
As far as we are aware, Beccalli (2004) is the only study directly examining the efficiency of investment firms by comparing the cost efficiency of UK and Italian investment firms over the period [1995] [1996] [1997] [1998] . Parametric stochastic frontier approach (SFA) is used in order to model cost efficiency. According to the author's findings, controlling for environmental variables is crucial in assessing the investment banking business since these factors have a significant influence on cost efficiency as well as profitability. In terms of cross-country operations, more efficient investment firms were found to be more international, thus exporting a more efficient model, while less efficient firms tend to attract foreign investment firms with higher efficiency.
The paucity of efficiency studies in investment banking can be explained by three main factors: first, the lack of good quality data; second, the difficulties in successfully modelling the peculiar nature of investment banks' production process (i.e. a problem of variables identification); and third, the need to accurately account for different environmental conditions in various countries: investment banking is a global business and efficiency needs to be measured running an international comparisons of investment banks.
Recent developments in the literature dealing with commercial banks can help to circumvent the latter two problems. Regarding the variables identification to successfully modelling the production process, this is a serious problem since the investment banking business is multifaceted. Gardener and Molyneux (1995) categorise the investment bank's business into five main areas: broking (i.e. the broking of securities is commodity business in which firms appeal to customers mainly on price and integrity); trading (i.e. the trading of securities drives on market volatility); core investment banking (i.e. the underwriting of new issues and advisory work also referred to as Mergers and Acquisitions); fund management (i.e. both retail and wholesale fund management); interest spread (i.e. income derivatives from borrowed funds). As such, the accurate measurement of the investment banking risktaking and risk-transferring is a key issue. Recent studies dealing with commercial banks included risk characteristics in cost or profit functions estimation, such as the liquidity risk exposure (Altunbas et al., 2000; Demirguc-Kunt and Huizinga, 2004; Brissimis et al., 2008; Fiordelisi and Molyneux, 2010) ; insolvency risk exposure (Lepetit et al., 2008) ; credit risk (Athanasoglou et al., 2008; Brissimis et al. 2008; Fiordelisi and Molyneux, 2010) ; capital risk exposure (Dietsch and Lozano-Vivas 2000 , Lozano-Vivas et al. 2002 , Altunbas et al. 2000 , Athanasoglou et al. 2008 , Lepetit et al. 2008 ; market risk exposure (Fiordelisi and Molyneux 2010) ; and the off-balance risk exposure (Casu and Girardone, 2005) .
Regarding the need to assess investment banking efficiency on a worldwide base, there is an increasing number of studies dealing with commercial banks running international comparisons of bank efficiency by including environmental factors to face environmental differences across countries. By summarising 100 studies that compare bank efficiencies across different nations, Berger (2007) observes that efficiency has been measured using either: 1) the estimation of nation-specific frontiers; and 2) the estimation of common frontiers including specific variables in the estimation to account for countries differences. While the first approach guarantees the sample homogeneity, it does not enable the authors to directly compare banks from different countries. In contrast the second approach allows a direct comparison of efficiency levels and rankings from different countries (Coelli et al., 2005; Bos and Schmiedel, 2007) by implicitly assuming that banks in different countries have access to the same technology and effectively compete with each other. However, this approach requires dealing with the sample heterogeneity by controlling for systematic differences across banks that are not due to inefficiency 3 :
failure to account for heterogeneity is a likely candidate to cause instability of efficiency results as recently emphasised by Bos et al. (2009) . Various studies focus on country-specific environmental factors in order to avoid this technology problem (see Lozano-Vivas et al., 2002; Dietsch and Lozano-Vivas, 2000) .
Focussing on recent studies, various factors are used to account for countries' macro-economic differences, as the population density (Dietsch and Lozano-Vivas, 2000, Lozano-Vivas et al., 2002; Carbo-Valverde et al., 2007; Fiordelisi and Molyneux, 2010) ; the countries' wealth (e.g. the GDP procapita, as in Salas and Saurina, 2003; CarboValverde et al., 2007; Fitzpatrick and McQuinn, 2008; Brissimis et al., 2008; Fiordelisi and Molyneux, 2010) ; the density of demand and per capita income (Dietsch and Lozano-Vivas, 2000; Lozano-Vivas et al. 2002) ; the FDI inflows and outflows (Beccalli, 2004) ; the short-term interest rate, foreign and public ownership ; inflation and cyclical output (Athanasoglou et al., 2008) .
Overall, the vast majority of the literature on bank efficiency focuses on commercial banking and, to the best of our knowledge, only one study (Beccalli, 2004) has specifically investigated the investment firms' cost efficiency comparing UK and Italy. The present study advances the existing literature by examining specifically cost and profit efficiency of the investment banking industry in eight large industrialised countries and by taking into account of environmental factors in the estimation. The next section outlines the details of the methodology and data used.
Methodology

Stochastic frontier and environmental factors
Our empirical analysis aims to identify the framework for comparing investment banks' efficiencies across nations.
Cost and profit efficiency are measured using the Stochastic Frontier Analysis (SFA) that can be written as follows:
where t denotes the time dimension, ln TC i is the logarithm of the cost of production (pre-tax profits, PT, for the profit function) of the i-th bank, x i is a kx1 vector of input prices and output quantities of the i-th bank, β is a vector of unknown parameters, V i are random variables which are assumed to be i. 
where lnTC kt (ln TP) is the natural logarithm of total cost (total profit) of bank k in period t, Y i is the vector of output quantities, P j are the input prices, E represents bank's equity capital and is included as a fixed input, specifying interaction terms with both output and input prices in line with recent studies (see e.g. Altunbas et al., 2000; Beccalli, 2004; and Vander Vennet, 2002) . We include the time trend t to capture technological change.
5
We use this functional form to estimate a 'base model' for a common frontier of investment banks operating in the G7 countries and Switzerland (see Section 3.1 for more details). In this model, we do not account for possible heterogeneity in the sample. This problem is tackled in a second model that we estimate to account for heterogeneity including environmental conditions, or firm-specific factors, following the two methods proposed by Coelli et al. (1999) and that the authors define as 'Case I' and 'Case II' model (for a recent application, see e.g. Glass and McKillop, 2006) . 4 The choice of using the translog functional form is motivated by two main reasons. First, Altunbas and Chakravarty (2001) identify some problems associated with more flexible functional forms like the Fourier (Mitchell and Onvural, 1996) when dealing with heterogeneous data sets. Secondly, Berger and Mester (1997) observe that the translog and the Fourier-flexible are substantially equivalent from an economic viewpoint and both rank individual bank efficiency in almost the same order. 5 As usual, symmetry and linear homogeneity restrictions are imposed standardising total cost TC and input prices Pi by the last input price.
In Case I, environmental factors are assumed to have a direct influence on the production structure. As such, we include some control variables in the deterministic portion of the stochastic frontier function in equation (2) 
where we account for M environmental/firm specific factors, z j, assuming different values for each i-th firm.
In Case II, environmental/ firm-specific factors are assumed to influence the inefficiency distribution and are not directly included in the cost function. As noted by Battese and Coelli (1995) The deterministic portion of the frontier remains the same as in equation (3). In this case we are assuming that all firms share the same technology, and environmental/firm-specific factors have an influence only on the distance between each firm and the best-practice. The resulting efficiency estimates incorporate the effect of environmental factors and can be viewed as 'gross' measures of efficiency.
We apply the methods presented above also to estimate the alternative profit efficiency. The frontier definition is similar to the one described in equations (2) and (3). There are only two notable differences: we replace total cost (TC) with total profit (TP) as dependent variable; and the inefficiency term (u i ) is subtracted (and not added as in the cost function), given that we need to solve a profit maximisation problem (rather than a cost minimisation). 6 For further readings see Coelli, et al. (1999, p. 255) 7 Using a translog specification we have to solve the problem of sample banks with negative values of profit, for which we cannot take the logarithm. Therefore, the constant term θ=|πmin|+1 is added to every firm's dependent variable in the profit function so that natural log is taken
We choose to consider both cost and profit efficiency because investment banking is traditionally a revenuemotivated business and competitive pressure (e.g. due to deregulation and globalisation) put further pressure for the efficiency enhancement. Besides, as noted by Berger and Mester (1999, p. 3), 'profit maximization is superior to cost minimization for most purposes because it is the more accepted economic goal of firm's owners, who take revenues as well as costs into account when making decisions'.
Data and variables
This study comprises banks' balance sheet, income statement and annual reports data for the G7 countries (Canada, France, Germany, Italy, Japan, UK and US) and Switzerland over 2001-2007 8 . The data were compiled from the International Bank Credit Analysis Bankscope Database. Table 1 illustrates the breakdown by country of the number and asset size of the banks included in the sample. The total number of observations is 800; the US banks are the biggest on average by asset size, whereas Switzerland has the largest number of institutions both as a total and by year. In the bank efficiency literature, the definition of inputs and outputs varies across studies and mainly depends on the researcher's assumptions on the production process of banks. For multi-product commercial banks, much of for a positive number (Berger and Mester, 1997) . Thus, for the firm with the lowest value for that year, the dependent variable will be ln(1)=0. However our analysis has shown that by using this measure, for dealing with losses, we obtain biased data. Based on that, and since the number of banks exhibiting a loss is small relative to the sample size (less than 10% of the sample), we choose to drop relative observations as in Humphrey and Pulley (1997) . Similar adjustments have been used by e.g. Vander Vennet (2002); Casu and Girardone (2004); Fiordelisi (2007) ; Fitzpatrick and McQuinn (2008) . 8 The investigation of the financial crisis' effects on investment banks' efficiency would require a different research methodology and a tailored dataset (therefore we do not include 2008 data in the sample). In addition, the number of banks available in Bankscope for 2008 would be drastically reduced making our sample heterogeneous. 9 We are aware that Bankscope data on investment banks is not as detailed as for commercial banks. One of the main limitations is that the input and output data cannot be disaggregated by investment banking function or activity (e.g. merger and acquisition advisory).
the debate is on how to treat deposits: the 'intermediation approach' assumes that they are inputs to the banks' production process while the 'production approach' views them as outputs. The most common of these two approaches is probably the former, where inputs are identified as labour, physical capital and deposits. On the other hand, there seems to be some agreement on what constitutes output, i.e. the dollar volume of banks' assets and, more frequently, total loans and other earning assets (Hughes and Mester, 2008; Goddard et al. 2001; Berger and Humphrey, 1997) .
Since investment banks' main business is not lending, it would be inaccurate to borrow the input/output definition used for commercial banks to describe the production process of investment banks. As discussed in Section 2, the extant literature on investment bank efficiency is rather limited. Beccalli (2004) employs the price of labour and price of physical capital as inputs, while debtors plus bank deposits is the single output.
In this study, we assume that in carrying out their production process investment banks use two 'standard' input variables: labour and physical capital. Specifically the price of labour (P 1 ) is calculated as personnel expenses over total assets; and the price of physical capital (P 2 ) is measured as other administrative expenses plus other operating expenses over total fixed assets. On the output side, we choose a novel definition to capture investment banks' main business as follows: total earning assets (Y 1 ) 10 , that is the sum of loans and other earning assets 11 ; and investment banking fees(Y 2 ), calculated as the sum of commission, fee and trading income. As in Altunbas et al.,
(2001), we include both stock and flow variables as outputs. The main motivation stems from the particular nature of the investment banking business as derived from their financial statements, and on the assumptions we make on the investment banks' production process. 12 "
In order to estimate cost and profit efficiency scores, we use as dependent variablestotal cost (TC), calculated as the sum of personnel expenses, other administrative expenses and other operating expenses; and total pre-tax profit (TP). The variable equity (E) controls for the differences in equity capital across banks. Table 2 reports the descriptive statistics of the inputs and outputs used in the empirical analysis. In order to account for heterogeneity we follow Coelli et al. (1999) 's approach that proposes two different ways of including environmental conditions or firm-specific factors in the cost/profit function: Case I, where environmental factors have a direct influence on the production structure; and Case II, where environmental factors influence the inefficiency distribution.
In order to decide on which firm-specific factors to account for to tackle the heterogeneity problem in our sample, we follow the most recent empirical literature in this area. Accordingly, we account for potential differences arising from country-specific aspects of banking technology on one hand and from the environmental and regulatory conditions on the other. In particular, the economic environment is likely to differ significantly across countries.
Three categories of environmental variables are taken into account: (1) variables that describe the structure of the banking industry and risks; (2) those that describe the main macroeconomic conditions, which determine the banking product demand characteristics; and (3) those that account for bank profitability.
The first group of environmental factors, named 'banking structure and risks', consists of four specific risk variables (capital risk, liquidity risk, securities risk, insolvency risk) and six bank and market specific variables: asset diversification, bank asset size, Herfindahl index of concentration, income diversification, Off-Balance Sheet business and publicly listed banks. A detailed list with related literature can be found in Table 3 . Lepetit et al. 2008 Notes: CAR is calculated as equity over assets; LIQ is calculated as liquid assets over assets; SR is calculated as total securities over total assets; IR=(1+average ROE)/SDROE; AD = 1-|(Net loans -Other earning assets)/Total earning assets|; BAS= total assets; CONC is obtained as the sum of the squares of market shares for all banks operating in the industry; ID = 1-|(Net interest income -Other operating income)/Total operating income|; OBS is measured as off-balance sheet items over total assets; The bank is publicly listed or otherwise, where 1 = listed; 0= non-listed; ROA=Net profits over total assets; ROE=Net profits/Shareholders equity (total assets -total liabilities).
CASE I
CASE II
Many efficiency studies outlined the importance of accounting for bank risk preferences (see for example Mester, 1997; Altunbas et al. 2000; Lepetit et al. 2008 ). In our study we use five measures of risk, based on annual accounting data and determined for each bank throughout the period. Capital risk exposure represents a proxy for regulatory conditions, and we measure it as equity over total assets. Usually, a lower capital ratio leads to lower efficiency levels because less equity implies higher risk taken at greater leverage, which normally results in greater borrowing costs.
Low level of liquidity is one of the major causes of bank failures. During periods of increased uncertainty, financial institutions may decide to diversify their portfolios and/or raise their liquid holdings in order to reduce their risk.
Banks would therefore improve their efficiency by improving screening and monitoring of liquidity risk, and such policies involve the forecasting of future levels of risk. Following the empirical literature, we use the ratio of liquid to total assets (LIQ) to proxy liquidity risk.
Given the nature of the investment banking business and specifically their securities issuance and underwriting, has led us to introduce one more risk variable. We call it securities risk exposure, and define it as total securities over total assets.
We also compute insolvency risk measures which proxies the probability of failure of a given bank based on its 'Zscore' as in Lepetit et al. (2008) as follows: Z-score = (100 + average ROE) / σROE
Higher values of Z-scores imply lower probabilities of failure. Moreover, we add asset diversity (AD) as a measure of diversification across different types of assets. AD is calculated as:
AD = 1-|(Net loans -Other earning assets) / Total earning assets| (6)
Other earning assets include securities and investments, and total earning assets is the sum of net loans and other earning assets. Asset diversity takes values between 0 and 1 with higher values indicating greater diversification (see, for more details, Laeven and Levine, 2007) .
One of the most important questions underlying bank policy is which size optimizes bank efficiency. Generally, the effect of a growing size on efficiency has been proved to be positive to a certain extent. However, for banks that become extremely large, the effect of size could be negative due to bureaucratic and other reasons. Even if there are no clear conclusions and results change depending on the methodologies applied (as outlined in Weill, 2004) accounting for size differences is certainly significant. Another important environmental variable is banking industry concentration that is measured by the Herfindahl-Hirshmann index. This is defined as the sum of squared asset market shares of all banks in each country. Higher concentration may be associated with either higher or lower costs.
To take into account of the diversification across different sources of income, we include a measure of income diversity that is calculated as: ID = 1-|(Net interest income -Other operating income) / Total operating income|
Income diversity takes values between zero and one with higher values indicating greater diversification. The asset and income diversity measures are complementary in that asset diversity is based on stock variables and income diversity is based on flow variables. We also account for the level of off-balance sheet (OBS) items over assets and assume that they generate additional (and 'hidden') financial exposures for banks. Although OBS business has originally developed to help banks prepare for contingencies, recent events have shown that often this type of business produces additional risks for the parties involved in these types of contract.
The publicly listed bank is not just a pure scale measure, but represents the opportunity for diversification offered by the market to the clients of investment firms.Our sample includes both listed and unlisted banks. Beccalli et al. (2006) showed the existence of a positive relationship between efficiency and stock performance. Therefore our hypothesis is that listed banks could be more efficient since they are more exposed to competitive pressures.
The second group of environmental variables is defined 'macroeconomic conditions' and includes a measure of population density, GDP per capita, inflows and outflows of foreign direct investment (FDI). These indicators describe the main conditions under which banks operate. The supply of banking services in areas with a low population density generates higher banking costs, and does not encourage banks to increase their efficiency levels. GDP per capita affects numerous factors related to the demand and supply of banking services. Countries with a higher GDP per capita have a banking system that operates in a mature environment resulting in more competitive interest rates and profit margins. Finally, FDI is a measure of foreign ownership of productive assets.
Cross-border mergers and acquisitions in the developed world as well as direct and portfolio investment in emerging markets have fuelled the profitability of these sectors, primarily US-based banks, which have had the relationship and networks to capture these flows. We expect to find, a positive (negative) relationship with cost (profit) efficiency.
The third and last category of environmental variables is bank-specific profitability determinants, measured by the return on assets (ROA) and the return on equity (ROE). In principle, ROA reflects the ability of a bank's management to generate profits from the bank's assets, although it may be biased due to OBS activities. ROE
indicates the return to shareholders on their equity.
Previous research focussing on cross-country comparison of bank efficiency measure (Dietsch and Lozano-Vivas, 2000; Beccalli, 2004; Fiordelisi and Molyneux, 2006) , has pointed out the importance of country-specific characteristics. In line with the main literature, we choose to include country dummies (CD k ) to control for different national conditions. 13
Empirical results
In our empirical analysis we assess the efficiency of investment banks. In order to account for sample heterogeneity, three models are estimated: 1) the base model, i.e. a common frontier that includes only the structural variables described in equation (2); b) the Case I model, where environmental conditions/firm-specific factors have a direct influence on the production process (equation 3); and 3) Case II, where environmental factors influence the inefficiency distribution, i.e. the Battese and Coelli's (1995) model (equation 4). In the first case, our estimates provide a 'net' measure of efficiency, i.e. the managerial efficiency. In the second case, our estimates provide us with a 'gross' measure of efficiency since firm-specific (i.e. measured as mean at the national industry level) and macro-economic factors are considered as determinants of inefficiency effects to account for country differences.
14 Chart 1 displays the estimated mean cost and profit efficiency levels as calculated in the three alternative models.
In line with the (predominantly commercial) bank efficiency literature (see Berger and Mester, 1997 for a review, Maudos et al., 2002) , the mean cost efficiency scores are on average higher than the profit ones in all models.
Moreover, estimated efficiency scores also suggest marked differences in efficiency across the countries included in our sample (see Table A1 in the Appendix).
Chart 1. Cost and profit efficiency estimates (means)
13 As usual one dummy (Canada) is dropped from the model to avoid multicollinearity. So we have a total of seven country dummies. 14 Only the combination of structural characteristics and environmental ones allows us to capture the industry efficiency and explain national differences.
Panel (a): cost efficiency Panel (b): profit efficiency
Results show that, on average, the efficiency scores estimated using the base model are generally similar to those derived from Case I for both cost (panel a) and profit (panel b). In contrast, Case II shows substantial differences in average values for all countries for both cost and profit efficiency. Furthermore on the profit side, it seems clear that average efficiency scores are consistently underestimated in the base model 15 . Our results are consistent with Coelli et al. (1999) who found that Case I efficiency estimates are generally lower than those obtained under Case II and these differences are mostly explained by the way in which the environment variables are included in these models. We also agree with Coelli et al. (1999) in preferring the Case II estimates for two reasons: first, these estimates represent the outer boundary of the production possibility set; and second, gross efficiency measures obtained from Case II are the closest to the intuitive notion of efficiency being about converting physical inputs into physical outputs.
Regarding Case I, we focus on bank risk-taking variables (omitting to consider macro-economic variables) by including these in the deterministic portion of the stochastic frontier function. We posit that bank risk-taking variables have a direct impact on bank cost and profit efficiency, while macro-economic variables and industrylevel features only impact on the distribution of the inefficiency components, but not on the efficiency of a single bank (i.e. these variables influence in the same manner the efficiency to all banks in the same nation). We found all risk variables significant at 1% level in the cost case, while on the profit side we found statistically significant (at the 10% confidence level or less) the coefficients for liquidity and securities risk exposure (Table 4) . Since these variables are measured at the bank level, coefficient estimates can be directly interpreted to measure the relationship between these factors with cost and profit efficiency estimates.
Specifically, coefficient estimates are negative (and high) for the capital risk and security risk exposures, while are positive for the liquidity risk and insolvency risk exposures. In the profit function estimation, coefficients for liquidity and securities risk are found to be statistically significant (the first is positive and the second is negative), while the other two risk exposure measures are insignificant. These results provide evidence that capital and securities risk have a positive effect on the cost efficiency while the relationship with liquidity and insolvency risk exposures is negative. The liquidity risk has also a positive effect on profit efficiency while the securities risk has a negative impact.
The interpretation of these results is particularly interesting considering the investment bank crisis that began in 2007: our results show that, by including bank risk-taking factors to assess the efficiency in the pre-crisis period, investment banks with a higher liquidity are penalized in the case of cost efficiency, but have an advantage in generating profits, while the opposite is found for the securities risk exposure (i.e. more securities holding, more cost and less profit efficiency). As such, highly capitalized banks incur lower costs to provide banking services probably by developing more careful management systems and internal auditing processing. However, highly capitalized banks cannot exploit the leverage effect and this negatively impact on profitability. On the other hand, if a bank's capital level decreases, managers have an increasing incentive to take on excessive risk, engaging in activities that fail to create value for shareholders. 16 During periods of increased uncertainty, financial institutions may decide to diversify their portfolios and/or raise their liquid holdings in order to reduce their risk: this would have a negative impact on bank cost efficiency, but will result in higher profits (less risk, less opportunity cost of capital). Note: CAR =calculated as equity over assets; LIQ =liquid assets over assets; SR = total securities over total assets; IR=(1+average ROE)/SDROE.
Turning to the results on Case II (Table 5) , environmental variables are measured at the industry level so coefficient estimates can be interpreted as a measure of the relationship between the national industry features (e.g. the mean level of capital risk exposure in the country considered) and cost and profit efficiency estimates: this analysis provides particularly useful insight for economic policy-makers and regulators. The influence of the environmental variables on the inefficiency is in line with our expectations and a number of variables have been found statistically significant at the 10% confidence level or less.
Regarding the four risk variables tested in Case I, estimated coefficients for capital and liquidity risk exposures are negative and positive (statistically significant at the 1% confidence levels) in cost and profit inefficiency estimates, respectively. These results provide evidence that the mean industry level of capital ratio and the liquidity risk exposures have a positive impact on cost efficiency (by reducing the mean of the cost inefficiency component), while have a negative influence to profit efficiency (by increasing the mean of the profit inefficiency component).
Capital risk exposure results in both Case I and II are strongly consistent with each other confirming that higher
16 These results are similar with Casu and Girardone (2004) .
capital level increase the cost efficiency (e.g. enhancing internal auditing systems and managers motivation) and reduce the profit efficiency (e.g. reducing the financial leverage effect). Our results for bank liquidity risk exposure are slightly different: banks working in countries with a higher level of liquidity have a positive impact on cost efficiency, while have a negative impact in profit efficiency. A possible explanation is that banks operating in more liquid banking systems find it cheaper to manage liquidity so that these benefit from lower costs. However, cost of funds and credit spreads will be probably low and this would negatively impact on bank lending by reducing profits.
Concerning the remaining environmental factors, Table 5 shows that in the majority of cases the chosen variables are highly significant. This gives a preliminary (although rather crude) indication that failing to account of these additional factors can potentially bias the estimated efficiency scores. Note: CAR =calculated as equity over assets; LIQ =liquid assets over assets; SR = total securities over total assets; IR=(1+average ROE)/SDROE; AD = 1-|(Net loans -Other earning assets)/Total earning assets|; BAS= total assets; CONC =sum of the squares of market shares for all banks; ID = 1-|(Net interest income -Other operating income)/Total operating income|; OBS =off-balance sheet items over total assets; The bank is publicly listed or otherwise, where 1 = listed; 0= non-listed; ROA=Net profits over total assets; ROE=Net profits/Shareholders equity (total assets -total liabilities).
Focusing on the cost side (column 1 in Table 5 ), the magnitude of the coefficients is particularly high for the dummy of listed banks (LB) and the profitability ratio (ROA). Indeed, listed companies seem to have a negative relationship with both cost and profit inefficiency, thus providing strong evidence that on average banks that are quoted in stock markets tend to be less inefficient. 17 On the other hand, our findings for ROA suggest that the most profitable banks are less cost and more profit efficient.
Turning to the inefficiency effect in profits (column 2 in Table 5 ), asset and income diversification (AD and ID respectively) seem to be remarkably high and significant. Nevertheless, they are both insignificant on the cost side and they seem to have an opposite effect on profit efficiency. This is likely due to the higher volatility of income streams, and the possibility that more diversified banks may have been affected by trading losses over the studied period. However, banks doing more OBS business seem to be more profit efficient on average.
Special attention should be paid to bank asset size (BAS) and market concentration (CONC): our evidence implies that size matters for both cost and profit efficiency; however, this is not necessarily reflected in more efficient concentrated markets. 18 These findings have some interesting implications. First of all because they give further support to the assumption that efficiency and performance are amongst the main motives for bank mergers and acquisitions, and secondly, because they indicate that on average more concentrated markets are less likely to be cost and profit efficient.
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Lastly, the macroeconomic variables included in the models (PD, GDP and FDI) seem to affect the inefficiency levels in various ways. Focusing on the most significant and larger coefficients, it seems that investment banks operating in more developed economies (with higher GDP per capita) present higher profit and lower cost inefficiencies.
Finally, the sign and magnitude of the coefficient estimate for FDI outflows suggests that the most efficient investment banks are more likely to operate abroad (for similar findings see e.g. Beccalli, 2004) .
Robustness Checks
In order to further confirm the aforementioned findings, a number of robustness checks were conducted by testing alternative models. Firstly, we investigate the impact that banks' size has on efficiency: as shown in Table 5 , investment banks' size is found to be an important efficiency determinant. To further confirm this conclusion, we consider two sub-samples of the largest and smallest banks, i.e. the fourth and first quartile of the size distribution as reported in Table 6 .
18 To further confirm these results, we carried out several robustness tests. Specifically, we carried out a t-test to the two subsamples of the largest and smallest banks in the sample (i.e. the fourth and first quartile of the size distribution). Results are robust only for the cost case where smaller investment banks are more efficient then larger banks at 10% significance level. 19 Actually these findings could even be signaling some evidence of the validity of Hick's quiet life hypothesis in investment banking and thus should be explored in more detail (Hicks, 1935) . Table 6 shows that for the cost case, smaller investment banks are more efficient than larger banks, at the 10% significance level.
Secondly, we create a cluster sample by investment bank type to provide some additional analysis of the obtained efficiency results for the investment banking industry. The aim is to distinguish between boutique investment banks (BIB) and full service investment banks (FSIB). 20 Despite the obvious differences in relative size across these alternative types of financial institutions, we expect them to be driven by fairly different strategic objectives.
Namely, we assume that while boutique investment banks specialize in particular segments of the market in order to achieve greater profitability and survive competitive pressure from their larger peers in the industry, full service investment banks strive to control their cost base in order for to maximize their share of revenue. Table 7 shows the breakdown by country in terms of number of FSIBs and BIBs. These results can be explained by the better cost management and stronger base (in terms of different operational areas) within these institutions. In the profit efficiency case we find that BIBs display higher efficiency scores, therefore confirming the theoretical premises 21 , where ensuring high and persistent profitability is only way for them to remain competitive and survive inside highly concentrated markets.
Thirdly, our sample comprises from a relatively high proportion of Swiss investment banks (317 observations out of 800), and accordingly we run another robustness test to verify whether these banks would have driven the main results. Namely, we dropped Swiss banks from the sample and re-estimated both cost and profit efficiency. As shown in Table 9 , new efficiency estimates are very similar with those discussed in the result section 22 so we can conclude that our main results are not driven by the inclusion of Swiss bank in the sample. 
Conclusions
The recent financial turmoil has uncovered a number of weaknesses of the banking industry and has left the international community with challenging questions about the evolving role of (commercial and investment) banks in the economy and the primary objective of ensuring financial stability. Over the last two decades investment banks' operations, functions and strategies have been increasingly market-driven and have contributed to the emergence of an unprecedented system of compensations, a highly leveraged industry and a pervasive risk culture. It is expected that post-crisis investment banks will have to comply with new constraints thus the evaluation of their operating efficiency will likely gain a new impetus, particularly on the cost side. In this context, the description of modern investment banks' production process should reflect the changes in their business focus.
This paper investigates the operating efficiency of the investment banking sector over 2001-2007 for the G7 countries (Canada, France, Germany, Italy, Japan, UK and US) and Switzerland. We follow Coelli et al. (1999) 's methodology to adjust the estimated cost and profit efficiency scores for environmental influences including key banks' risks, bank-and industry specific factors and macroeconomic conditions. Specifically we estimate three models: a base model, i.e. a common frontier that ignores environmental variables; Case I model, where environmental conditions/ firm-specific factors have a direct influence on the production process; and Case II model, where environmental factors influence the inefficiency distribution.
Overall, our evidence suggests that not accounting for environmental factors can considerably bias the efficiency scores of investment banks. Specifically, our analysis indicates that profit efficiency estimates are consistently underestimated in the base model. Moreover, in comparing the results between Case I and Case II, we observe that the difference in average efficiency levels is around 1% on the cost side, while on the profit side the results diverge by almost 10 percentage points. The vast majority of the tested environmental factors in the two models were found statistically significant: for example we find strong evidence that by including bank risk-taking factors to assess the efficiency in a pre-crisis period, investment banks with a higher liquidity are penalized in the case of cost efficiency, but have an advantage in generating profits.
Turning to bank and industry-specific factors, results are mixed on the relationship between inefficiencies, asset size and market concentration. While our evidence implies that size matters for both cost and profit efficiency, we find that this does not imply that more concentrated markets are more efficient. Finally, among the most significant results on the macro-factors, are that the general economic development of a country and the banks' level of openness contribute to reducing inefficiencies. 
